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(54) PHASE COMPARATOR CIRCUIT 

(57) Abstract: 

PROBLEM TO BE SOLVED: To prevent a PLL circuit 
from being locked at a wrong phase (mis- 
synchronization) even when the duty factor of a data 
signal is deviated from 100%. 

SOLUTION: A mis-synchronization phase detection 
section 13 detects whether or not a phase difference 
between a data signal DATA and a clock signal CLK is in 
existence within a range where mis-synchronization may 
take place, and an output fix section 14 fixes a phase 
detection signal PHDT to a prescribed value when the 
phase difference is in existence within the mis- 
synchronization phase range. Thus, even when a duty 
factor of the data signal is deviated from 100%, only 
one inclination in the same direction can exist within 
one period. Thus, only one phase providing the same 
mean value of phase difference signals is In existence 
in one period, and mis-synchronization of a PLL circuit 
locking other phase than an object phase can be 
eliminated. 
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7-'-9m^(r)±-rt^^m~imi:9u -^ ^m-^u^iu^ 

^ai-t-S ^' D -y 9m-^- l^-^'V^ailelK, 

1 mm.<r>&:iQitmms^o 20 
t <ofe=BM^^-f ft^^mtJi- ^fiffiMi^aigpi: > 

mrfeT--^'ISSija'>(i:> effl^PEESUJ: fiffl^-p ? it 

£ii:^ji-^ ^ t ^!if®i:-r^«*Ji3ie«<7)f£ffijt«iii 
•r- 9 tv'-9 m\i%^-^ hiatiiri.T'- 9mm^- 

mtir'- 9mdiiW~i^ii i> 9 o y 9')y r U > 7.m.!±i 
15il;1-*#g«r«x., m9 a y 9 ') y rU > ::f.ms.im 
m-t^hZtiZXiO. mir-9m.Wmii'0liit}-t^r'- 40 

9mmm^<r)&Mimi^-^i, z t i^mtirMtL^vcM. 

r-9m-^ixi3^n9U'y 9m^i,zj: 
<o Mr'- ^'«#?r^gij-t^ T'- 9m^mt. 

7'- 9 tr'-9 m\m^^ hmt!-fz>'r-9 mm^ 

t9tiy 9m-^<r>&mm^^tE-ti>i)-mm-r:i>^mm&: 
r-9m^t.9uy 9m^nifLmm'. mtmism so 
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H^tcffft-fitif, m^\immm^i\iitsL. (2) m^s. 

nif, »iois«tt^ai:^)L. (3) i'D y 

^"^I-^<of^^ill;6^-Hl^IB^i^ilEH[*IlcflF^EL, 

miWIWi--I.Wtl14«C»*-5&ffitefflS-0-;r/2SC/ (3 

n/2) ~~2 7T tiri,th9'a y9m^-(r>m&^n/'2 

T'-:?M-f-<7)2:±i)^t;ijit-& (;r/2) iiMmm9 U 

•y 9<r>U^)\'^fm.-t^T>m7') y-fyxiy-f (D-F 
F) . 

9uy 9m^<n±T*^^^\zid\.i^D-Y¥(n^ts'i^^ 
5:9 7-^LrflSffeiii ttziiy^2<T>\y^)\^t LraitJ-f 

MIB|ffli-^pr«fe14(7)**eiil6H*0-;r/2SO' (3 
;r/'2) - 2 n b-f :h t i 9 U •■/ 9 ®^<r>\lL^^ n / 2 

■f'-:5'«-^co3:±f)^(cij(t^ (n-/2) fiiaaMJ'D 

■y9<r>V^)\^^WS^.-f^-Dm.y')'y-fyuyf (D-F 
F) . 

D - F F (r>^tsm^immn^m&-ri> m 2 nm&m 

2(0]^^)VtLxa^tS-ti>7 y^^. ^m^tzZti:^ 

r--- ^'M-f-(7)f3:ffi>& ;r / 2 mM-fz>m2 (Dw^m^. 
m 2 <r>m^W\S&7i^htiit}i-^7---9m-^-'r>:iL± '0 B#(ci5 

n y y ( D - F F ) > 

i'D y i'ji-^(7)3:T^^''9B#CioNt-5>D-FFiOait)V^'^ 
^y y ^LTlJie^l tfzim2<r>\^^)V t Lrm^Ji" 
fSfflitRIilSSo 

1 0 ] frKai:/3@^a5i±. 
9uy 9m-^r<r>iimi n ai^i-^ss 1 (nm'&m^. 
m 1 <7)aMiis&<7)ai:^u-^Ji/*J5:ii;-r;2>E$z:[iiss. 
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r''-9m^<r>m^^ 7z/2 m&'t^^ 2 (nw&m^. 

Uy-f (D-FF) . 

D - F F<Dmtim^im^^mmM'r^m 3 (omMm 
1] 7-^-7-^ =^Mft-r^f'^-T-^ mm 

laSS aii L -r'- ^ fS-^ ^ mi IE - ^ t i- ^ 
:« K 3 . 5 . 6 fSttO(£ffiJt|3c[gS&o 

[0 0 0 1] 

^ ft ^ * ffl V ^ T T- - ^ isgij a F§ -e ~ 5^ ft ^ H^-r 
f£ffiJt«[if&i: V c o (mi±©J»f&«S) *fflv^^:^^-e 

u J: ^) itgij^i^&7^>^^i^# ii/j^ ^ V A-mr^ >^ o T V > ^ . 

to 0 0 21 

[0 0 0 3] y ^ 

>i^*atH[lB&(c(i, fit*, (1) ft^it^o Y ;u 50 
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9 im^'fzwmm\^^ii^ (113 o) (2) itimt 
m^m^tv c o {mmm^mm ^fflv^^ p l l:^^^ 

{133 2) i)^h^o Oimm'M&x:f57^^:^^^9 ^ 
< >^«ffi[5IS&<7)«ffi[lI-e*>t). A^jL/::-r'-^«^0 

0 (h . ^^L^miMkt^^r- 9<D\£y [^-ISv^^ 
&*-i-^«5i^itO/^> Fv^°:^Vi';^^ 1 1 1 i:. 
l«liBf|-e*)^ U ^ ^T^T'l 1 2i)^hm^^nx\^^ 
#^B[ilS&i 1 oit. f-'-^fH^^r^iDji-^^^?^ 

mjEIS&l lOa^. ^-lS$^i/::-:^(7)-r-^jf-^?:E^f^ 

nm (1 tf^y huffi^i-^B#r5(7)i/2) iiisi-^ii® 
nis&i 1 0 b i:. 'r-9m^tm'&m^<n\^tim^(r>m 

ffifi^Jlro n * o T -r - ^ ffi^ CO jt ^> ±56^^ ^9 S t/jz: 
^Ti)^^^X^-^)l^y^i^'t^^y v>[f^^5gii-^EX0Rll] 
8S {-f ^x^;i/-'>r:tT|plje&) 110c?:^Lrv^ 

;?>o 03 1 imi'^mmx^^. exo reiki i o c 
xp 1 i^^L. K/^"X7 1 1 1 (iEXORdlK 

[0 0 0 4] imfm^-n^^x^t. m^^^o v^^^^y 

^ )V9 I 1 1 ^ LTi±SAW7 -r ;u^-t=lfi|f*:7 ^ ;i.^7:>^^ 

oTtio iTt:. t/j^n y -y^' 

.£.^7^?^^ - t . ^(/^^tm-h LT U ^ y ^ r > -7" 1 1 2 
mi)^hofzo 

[0 0 0 5] i¥mm^^^\^zit-<xvi. -Lii^it. V 

coi> ^isb 0 s& CO ( J ^ ^ ^ I cf bi- - ^ tJi^^-c^ ^ . 

Ti>. \tL^)tn.m^x^(D^mi^^.^'r^fzib. pll 

fz9 ^ \ > y ^mx^^o a 

^ ^ >^fflmilI8S4 Ui3V^-C. 1 2 1 ii-r'-:5^ft-tDATA 
^ ^ D y i?^<t-^CLK<7)fiffl=tJt«ci-^f£fflJt«EliIS&. 1 

2 2(ififfii:tt3CllIS&7)^t^aitl1-^&ffimuSi:f^SI±« 

-^^T?t^t:'t^^^-'7'-7^ 1 2 3 (i;v--7'7 ^ ;u 

5'ffi*UJei:fc^rSIS:**i-^ i^n -y ^fl^CLK*:^* 
i-;|)«JIflJ^f&ffiSI (VCOEIK) -eab^o 'r-9m^ 

v^<o;^>#^$nrv>-2)o 13 3 3{iDM-7'J -yT^^n^y 
(D-FF) 1 3 1 <hEXOR|ilB&l 3 2 ^rfflv^f^fi+BJt 
^IHEgdEEE Transactions on Electron Devices VOL.E 
[>-32,No.12 Dec. 1985"ASelf Correcting Clock Recover 
y CI rcuit",Hogge, pp. 2704-2706) 0^:$:gr>^-eS) 19. [3 
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[0 0 0 6] D-FF13 1(i. ^ n y ^ff-^CLKOjL 
± 0 U io i t ^ - ffi^DATAO ^ t*'- 

iasiJfi-^DTRNSrm:^ji-;i)o -tir5b^>. d-ffi s lii 

$ n - ^ ^DATACO ("1 " i t'j it"0") i f £11 L 

±.i)^^ t-rsm^-t^o EXORIilE& 1 3 2 (i. -r- ^ff-^DA 
TA<h D - F F ta tli- ^ -r'- ^ HtgUif-^DTRN <h (7)JIHfe 
fitllfeafn (EXOR) *a»L. ia«:|£*^T-'-i^{t-^i:^ 
n y ^M-^(7)©tiMfi-^PHASEt LTffityi"^ 
[0007] [lI34J:i9 t>-h-^ J: ^ EXORHSS 1 3 2 

(7)tti:;^}^^'>'^:^PHASE<7)I|Ii^i, -r- ^data<7)jz:-^±7:i^^^ i 

M-^PHASEO^JdjIifi-r - 9 If ^DATAh ^ n y ^ M-?-CLK 

oS+g^tiS(j:/.Mi<h^^'^o ExoRiUE&i 3 2o^ti:^JM-^ 

PHASE(7)L0WU^;V^0. HIGHl^^^V&l <h L/::^^^. Xll 
•r'- 5^ 75^^^ > ^ A T-r - ^m/l^j: h 1^ . efflJt^HI 
?Scofi:i§>t:«c#eii[l3 5 (ctj^I-J: ^ li. fiffl^m-^PH 
ASEO^i^jlSfiO-O. scored -efiti ^ U^rt LT(50C 

[0 0 0 81 PLL:^^<7)^-r ^ >^'«m[iIK4 (US 

2 ) . f-'- ^ m-^DATA t^uy 9 it-^CLKOfitg 5: Pff 

(=5) (14^-2) Ji-^tl^W-r^o fSfflv^T*? L Lt!?^^^^ 

-r fs: i6 u . ^u-j^ m^<r>m^i)^r'- 9 m^i^n L 

t3V0Cilg& 1 2 3<7);iftg[^i^< 1"^ 

T^J^:JLTi::^n(f (fiffiTi^) ^ n -y i:^«-f-<7)f5ffl*il 
^^i:-^ J: ^ oi i9V0C[e]S&l 2 3 cO/grStJc^fg: < t" 
^J: -^UtUtflJ-r-^o -r^r^^^. EI 3 5 U^i-fSffi J:tK# 
e**i-^f2fflJt«ilIKl 2 1 ^fflv^T. fsfflnm-i-o 

OlllgSl 2 3<7)jiirM^:;^^^A<^-2>cJ:^U. fSffl^M^o 
[0 0 0 91 

L L;6>M^:^te+gi:n ^y ^i-^tt^-7!)^^ab;z,o t':x-7" ^ 
tit. \£-y YV-V^ i (-l/T) i:-r:fi(i:>'-:5^" 

r^nLx^MTj^cnmh^w^^h. ^m^i)m\L\^t 
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LTt PLL7i>^'n-yi5^i-;z,prtgtt7f>^^*)i9. e+l^^t^-T 
-2) ^ (hTl^^^-e^^tv^o -r^-'T ^ :6nOO%^:t^(i:^[ll3 5 IC^ 

- 7^ ^ 7:>n 00%^- h-fix^ti mm \^xmi^:^\^(^m^:^^ 

2 off ft L±ie60Fp1M7&^^^ C >2> o 

[0 0 10] ms eit-r^-T- i75%(r)m^^(7)9 4 i > 

10 y-^-V-M:*)^. -r-^^^DATA (a) O^^^T^^^^ OfiiQ 

rv^^o -r-^DATA (a) i: ^ n y ^ M-^CLK (b)<:ofS1S 
^7!>M-^v>-9 ^iiT^'^-x < 100%OB#^-riietg^M 
PHASE {6)(r>^^}V7.Ui)m^£^fz\.'rfzi)K t-'-^DATA 
(a) h ^ n y ^ ffi-^CLK (b' ) Ofiffl^^iin . 5 (1 SW<^7 

fz ^ovT. LxLt^o fz^^mm^(D\iLmit 

mtttiidS 7 0*^T^7j^i-J: ^ mm (=2;r) 

mz -2> ffiffilKi T--^ - T- Y ^d(56) ^ {i\ 2 n ■ (d/1 

GO) -eS)^o 

[0 0 1 ll \:X±.Xit7'^:2.-^ ^ mO(MlXT[Ztj:-:>fzm 
#T** ^ 1 omXl. tl o 7t:J#^ tl «g*4^tr«<7)effi 
itmfttii[3 3 SO^^-CTF-ti: ^ (I. (=2 
k) ]H{z^^^X2mzr^^o Sit^'^-'r ^ 

:i.-7- ^ t-rmt^ 2;r-(d/ioo) x^n. 

^2s\(7:>m^^ltT-'^m.}^^t7z/2xhho J-^x^ct n^^mm 

g fi^ (i . -r - 9 If-^O T-'-o. 7" ^ 00%;^- hitixX^^^h 
m^Xi>. PLLIilSSjO^Mo/jffi+aun y ^(ifilBJtt^) L 
^ri/^J: tT**);2)o *%0>gogiJcoB6^|(i. PL 

40 m^mwL. PLL[iI8&co|^sa5|iX<;z^u>i/5:}£^L. 

[0 0 121 

50 'l4coi)^f41SlaHi^ii. ^'-^m^t^u-y 9m^'(n\lL 
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1I?:ffit!-r^ffitill^gB^«^;t:f4+gjt«cIiiB&tcj: t)it 
[0 0 13] X> ±l£iiM(i:. « 2 OfgB^U i: :fxi^\ (D 

^it^^x 1 mmp^iz^\.^xm cij\^(7ym^ ^ i o/^ et 
imm\Hiz^\.^x i^i,zx^. PLLug&T^^^g 

[0 0 14] X. ±I£IIM(±> msco^mizXivil. 0 
T-'- ^ ^ a:^J ^ ^ n -y ^ M-^ ( IJ: 0 IS T-^- ^ ft-^ 

ttitj-r^iiLmk&ut. (S>mMm'r^m^^(7y^^&m so 
tmiHiz^ mt^r-9m^t 9uv 9m^(DiiL^m:^^^ 

9m^(^iiLmm'\ (i) mtmmmmmz^^'r 
inmmiLmmE^ia!^:hL. (2) mtmmmi^iz^ 
ffiL> :?d-o. mn-t^-)j\^{zmtLx\^^iii^. mimk 

^mihtlL. (3) friefiffllgHrtUffftL. ;^-o. 
/M- ^ * 1 1 f t L r V ^ ;f 1 ( f S 2 oo 1^ ^ ^ at i" ^ tB 

[0 0 15] ccoj;otci-nii\ »l co5§0>q<hra^tic. 

mm\^iz^\.^xm\:^\^(r>m^i i^fzifizx^ :ho - 

2(DtkmU {u~u^}U) tiH^-r^o Z(7y^^^ 50 
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t^v)^ ^uv^mmki^^-^mxM^if. 

<ti:^i)-h^ P L L[SS&^i:^^^1iO:;^/^(I|^s 

i: T raw? stMiss l.x9u>^j ^mm^^ s^f 

PLLIllK<7)rafi5?|ii^U>yS:te^L. 3?.. ra«!?lii 

[0 0 16] X. f'^-x^ 
EK^riiii Lf^rr-'- 9m^^m lii^hm^ <7)f§Rq<7)fi:1S 

xtm-tixit^i. mnm\tL^mmii^A^\^x\mmm 
"^mm i tt^-t^ z t i)^x h ^ o 

[0 0 17] 

mm<r>mMmm\ (a) ^^m<r>mi<n^m^^m 
eg 

(a) WM%1& 

1 1 fi'r--i5^{t-f-DATAS:A:^j2^n^n^y ^« 

't'^r-9W^m (Da7 V yy'yuyy" (D-F 
F) ) . I 2{t^'-9m^Dklkt7'^-9Wi%\\Ui)-hti^ti 

ir^^*-- 9mmm^mmtmmmmm^ (exor) 

mSS-ei frl . D-FF 1 1 SCKEXOREIgS 1 2 fid 3 3 \Z 

^ztmmitmn^ESPDio^^ti'r^mmmi^mkmm^. i 

(1) iiLnm^mmmmm9Uz^^'riuiim^m-^PH 
ASE^tti^L. (2) frfeetB$6Hrtiiffft-tmf-sii 

[0 0 18] T-'-^^m-^DATAOr^-x^ ^dW(d<10 
0)t1-nii\ EI3 7J: MRWi"^ prH614c7)$>^f4^gte 
mi±27T'(6/m) -2;r-t:$)^o X. T-'a.--T-^ ^(100+ 
d)(%)^1-;^^(^\ mmm'r^'^m^(^^^iiL^mmi±m 

3 8 J: i9 0-2;r -(d/100) "C^^o Mra*?f3:+B*^aiIilS& 

1 3 itiiLmm^^±tmm\^fiZ^^'t^ z t ^i^m tr^ 
\^mit^^.ti\m^ESPDtLxt2-u^)\.^itit}'t^o tb 

mWiiLmktbim-wESFD:d^y^4 U^)UCOt EXORES&l 

mmiimmp^iz^ ^ . MPis^&fflttffift-^ESPD/O^^n - 

U^)\^(Dt^. iimmm^PHASE{Z^^X-^(DiW^i 
tHitii-^o 13 2 iif'jL-T-^75J{0*i'^tZioV^rai:D@ 

m2 (a) l±~mU^^-\y^)l^tLfz 

m^. m2 (b) ii—^mi:^^^ u^ju{zLfzm^x$> 



-5- 



9 

[0019] ( b ) mmm 

1 1 iilll OD-FF(D-F F1). 12(iEX0R[ll 10 

->fzt^(r>mmmim^.mm^. i4(iT>Kr-hAN 

IStli^v^T. 13a, 1 3 b(i|&2. ^3<7)D-FF 
(D-FF2, D-FF3). 13 c, 1 3 ditK$mi&. 
I 3 eit-f-yVV-hV^^o D~FF2lt-r-^m^'0 

>l)o 20 
[0 0 2 0] -r - ^ ff-^DATAO t-':i - ^ :^nOO%JaT«7) 

-r'- ^M-^C0^N^;UXfS;^i^^5^ < ^ o T^^S L /j" 1 "COgp^- 
ATAC03:^±7i>^^^)B#ii:^n y ^M-^l/^;U7^?HIGH'e. 

0, (2)^7)«S?.*D-FF2i^J:{/^D-FF3TttaiLTfi 50 

fi^^rPSC^ tT^j^^-el^^o i-^rt:>^>. D-F F2'e®04:fc 

D-FF3X(Z>(^ikm't^k&Lxm^(r^T 

^(r>m. i-> K^'- b 1 3 eCOm^^j^f-^ESPDiiLOW 

[0 0 2 1 ] [I4(ill3<7)f4ifijt«^[pl^<7)^>f A-f-'V- 40 
VX^^. [14 (a) ti-r-'^-x<d(=759«)T-fi1f^^^O 
-2;r (d/100)(=0-3;r/2)(7)it'&-CO5^ >!' iU-f-^- h 

ffi^JH^IilKl 4 UiSV^Tm:^!^— ^1lU@SL^rv>:yt 
mx^^o [14 (b) ii-r^-7"^d(=755()r-fiffiM:ji>^2 

;r {6/m)-2 7r {=3 7r/2-2 7r)(Om^(r>9 ^ l^^'V- h 
T\ ai:^H^[oI6&l 4Ui^v>Tai:^J^L0WU^;HC@S 



#P?f1 2 0 0 0 - 1 8 3 7 3 1 
in^U^)\^:^^LOViX\ T^^o, 0' t"- ^ 05:-t>T7^^^ ^ B# 

^PHDTir-^imzm'^Lxmmmim Co 

[0 0 2 2] [l5(±7"\:L-X'i';^nQ0%W.±OJ#^{iio(t 

^imitmm^(7ymfS.mx^^ . m3 tm-m^iir^zitm 

X^^o D-FF2RZ/K$mBl 3 d' XQ' (^^\km 

^mthL. D-FF3x®(nikmi^klhLxm^(^r> 

i-^o Z(D^^ iry Kr- h 1 3 e om:^J«-^ESPDii:LO 

mzt^^i)-h^ m:^@^[as&i A(DTy VY- hAND-eis 

effi|^ffi«-^PHDT^ai;^J LTifi|5]WcOPl||gtt&te < i-o 

5:SlJ^@^I7KL7'c^^ n^i'i^h^^t>^x\±miAMm^'k 
m^'t^zti.x^^ho y.±> ^ 1 <7)|§0^c7)f3:tail:gclil 

[0 0 2 3] (B) :^^m<ny^2(D\iMimmm 

(a) 

n 6 2 (Dmn(n\-im)m,m^(r>w.mm^mx^ho 

1 1 ^i■f■'-5'ft-^DATA^A:^7^^^^5^^ «y ^^M-^CL 
•r-^^lftSiJSC (DMV'J v^vn y •7'' (D-FF) ) . 

1 2{t'r- 9 m^^^kikt'r- 9m^\]^i)-h^ti'^ h'r- 
9m3m^vfm\t<nmm^mm^ (ExoR) ^mwL. m 

^|S«*f51§^M-^PHASE<h LTm:':J't^EXOR[plS&t:^S> 

D-FF 1 1 Sa^'EXORIUf&l 2^113 3tC^L7t:|7^ 
^cofiffiit^lilgS^ltiSi-^o 2 Ki^n^y^M^cofS 
tB=&^p-t^faffl^PllIE&T**)«9, D-FFl f4 

ffl^PUSS 2 1 (IJ: ^7 ffiie^lS ^ Mz 9uy 9 m^cv. 

K' ^fflV^TT-'-^'ig^DATA^I&glJi-^o ^Uy^m^ 

-^mm^ n {z\tmmmLfzi^^\z 

^fzt>. X(r>m^mit1^^ii:<i^:ho 

[0 0 2 4] (b) Sl^ffiWOftS 

n 8 2 <D^m<r>%mnxh^\iLm\tm.m^<nru y 

^mxh^. [16 <hRl— gr>5-iciiIW|— tg:-^5:#LTw^ 
1 IJiD-FF. 1 2 (iEXORlilK. 2 1 tififfi^P 

EK-e^^o &ffl^P[il8S2 1 lii^i/^T. 2 1a(i:^n 
^y ^ fifflt pT^-r^ &IS^^llISS^ 2 1 b (ifi+S bT^HI 
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[0 0 2 51 ( c ) fiffl pT^^HIg&OgijOlf^ 

21a-4-21a-5fir^ >oI^T>y, 21a-6-21a-7li^:*L 
^nSIJffll mff Vc<7)iESjl (s i n (Vc) ) . ^ggm (cos (Vc) ) 

[0 0 2 6] (d) ^2%mm(r>m^ 

IKiD-FF. 1 2 (iEXORIUSS. 2 2(iD-FFO^ 
n«y 7T P>Xl^^;UCref^Pl^i-^|§SS?'e* 
D-FFl lOaK'j y^T ^>x5S^tit^/h;t(B:JS 

ASE=S: H 7 (7)*j^r*^-r J: ^ (1 4^ T^i ^ :^i-t::«t4 -tt-i) C 

7T P>Xl-^;^Cref^Pl'^'r^^D-FFC0tB:^J'e iO 

^uy^\tmim^Lfz(otmm^zt£^o 

[0 0 2 7] (C) ^3O|gqgc0f4ffl^^|D|gS 

(a) mmm 

2, 3;r/2-2;r ^'r^)U#ftL. t-^D. ^ H y ^ /^rS^ 

:^^'-r-^jg?SiScJ: t)fiig-e$>^xi^, f£ffl*tffi«-^PHDT* 
^^l^)i:@^L. (3)f5ffl$IJ»«gfflI*| (ff/2-3;r/2){Zff 



^Wi2 000-183731 
12 

[0 0 2 8] w±<7)i: n ti-rnt^. ^lo^^tra^ 

t^. T-'^-x Y:6nOO%;^>t^'rnTV>T^>. 1)11^^(0-2 

wi^uisw^T 1 otz-ei^. p h'Lmmt^m\iL^<t>m\^ 

^ n 7 ^/Sr^l^:;i>n&7lT^*nii^fiiSt^aiit-^PHDT^o^i^ 
m^^-k^ < 4 0 . n -y i5^)llrMi:7:?^^ig5ji-e^>^i{i\ fiffl 

i:Ti^ffi?ia^*f^&isii5LT^n«y ^mmk^FJx^m 
^&mizmm^x-? \^&tsz,t i^mm ^ ^ o i- ^ t> . 

[0 0 2 9] ( b ) ^ 1 -mmm 

-U^izitm-W-^'tnLX^^^^o llii^lOD-F 
F(D-FFI). 1 2lt'r-9m^0Mf^t^XJy^m^'C 

\j^<7^&nmz}A>\zfzm^^ititj't^Exomm. sum 

|WI*!1->S,Prtg14<50*;E)f4ffliEHr*I (0-;r/2, 3;r/2-2 
;r ) -r- ^ it-^DATAt ^ n -y ^fl^LKCOfe+g^^^ff 

-^PHDT5:ai:tJi-^'7 y ■f*|llS&, 3 3ity 4 ^ >V 

;6^(ioo-d) (%) (igoki) {%)xhivit. mmm 

ODltg14<7)db^fiffl|EHfi» 1 (DmnX. ^-2;r -(d/lO 

0) -2;r-(d/100) X^^ho d=25i:i-;im\ MKjf^fStg 

®H(l-7r/2-;r/2(=0-7r/2, Ziz /2-'2n)Xhh o t 

ZX\ \lLmmi)^^^LAiLmTr <h4-2>J:^6iPL L*IJ^1--S 
^t^lCioV^T. d=25^-tn(l\ ;r/2--3;r/2'ef5:ffl^7!?^^ 
*'Lv^^tB7^^4^J:^tC^S:ffl^^JW^:^f^^ 0--;r/2, 3;r 

/2 - 2 ;r xinmm ^ -^m u @ s-t ^ c 
[0 0 3 0] immitLmk&U3 n±. ^u y^m^oL 

K<7)fiig5:;r/2 v:7 hi-^ili£[p]g§3 1 a. -r-^M 
-^DATA02:±t}B#lZi^tt^ (;r/2 ) fSltBilM^ n ^y ^ 
dX' cOP^;u^iE1ti->2>DS-7U ^y'7"7n yy(D-F 

F2)3 1 bTt»;s^:iiTv^^o m^^-hm^mmmm 

f^(0-;r/2, 3 7r/2-'2 7r)tll¥ft-tnii:\ T-'-^jt-^DAT 
A(7)j5:±l9B#(ziDMt^ {7zX2) fSfflilMiJ^n-y ^CLK' 

Sr D - F F2lCf*tf i"^ C i: Hi 19 fi+S^;6^^mPIffl 

iiis&3 3ii. ^^y^m^Qu^<^m!^iK^.'t^mm 

XD-F ¥2(D^t}\^^)\^i%nLXy y ^m^3 2 [Z 
A:^}'r^DM'7U ♦yy-yn^y y {D-FF3) im^X 
v^^o 1'4t>^>. v-y-^^'-r ^ >'i5^'[lISS3 3fi. ^n-y 
^m'^<r>:iLTi)^nXyy^m^3 2[Zyy^9^ \ > 9* 

[0 0 3 1 ] ^•y^[llS&3 2(1. Hi 2lc^'rj:^U. 
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13 

^<nmi^^<n^i)^-^^^n). ffi1ittm«-i-PHDT^^ 2 <r> 

(i. ^ n -7 jf-f-CLKW3LT7)* »9 B#(Z^5{t^ D - F F2fiO 
tBtJl^^^l^Ti^'^W U^)V-^-^iltit'^ -y^im^.L. EXOR 

[0 0 3 2] Ell 4(±m3(D§^BM(niiLmtmmm<^9 ^ 

2. D-FF3<7)atitJ(i:n-l.^;l.U4^^C t < . 
y y 3 2 {ififflMft-^PHASE (d) ^fiffit^thft^P 

HDT (h)<!: L-ca:bt"'^o Hi 5 3 C7)|§0^c7)f£+gj:|: 

(0-;r/2, 3 7r/2 --2 TT ) Ufffti- ^^f^-eab ^) . D- 
FF2. T)-¥YZ<D^tii±'^n^-\^^)V[zt£::ho 
oT. ^ -yf-IilKS 2 ii. D- F F3ai:^7>^'n - 
{: o fcB#Ofiffl^M-f-PHASEO U--<;vS:^'y^LTm 
tl-f^o 30 

[0033]EI16.[1|17 (i^ 3 cO|g0^<7)fitiJtK[Dl 
BSco^^^-^^- h-e*)i9. Ell 6(i^n'y ^lgrSSr7&^^ 
-r-^lgrftSJ: fr);^v^t^^. Ell 7 u y ^wm^i^^ 

iic^^tt^o Z<D^^ B-FF3C0mijm^(Q)i^. HIG 
H, LOW^r^t^jli-o Z</^fziO. ffifflt^dBfg^PHDT (h)fi 

^>^(±^ fitamM-^PHASE (d) O-f'^ - 7^ ^ 7!>^'2 40 

i^o fitBUM^PHASE {d)Ojz:^>T7)^^^ (1^ n y :5^ft 
-^CLK(7)3:^>±;^?f)T'^J oTi3l9. ^cfcOfiffl^jf-^PKA 
SE (d) (D^L^±i)^ ^it^<X 1 75>{tCffiSi-^ B#K/i(t 

(50)Jf^)(:, e+aHM^PHASE (d)fi:'£^'rL0Wt:4^oTv^ 

^Ufifi+gltaiM-^PHDT (h)<7)^i^11(i:, i^^ <LOm 

Zt:^^'V^b^o mi S (a) UT-'-^m-^-X^ 9uy 50 



#gl 2 0 0 0 - 1 8 3 7 3 1 
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10 0 3 4] mz^uy 9m^QLK(nmmki)^''r-9m 

-^DATAOlSrmi: ^5fg:v>:t#^-Uf±(Ell 1) . 9uy^ 
M-tCLKOfiffiti 7"- ^ m-^DATAH^t L T tt ^ o 

z<r)n(r)^y^<Ty9 ^ ^yVit^ fi+S^if-^PHASE (d) 
O-r ^ - x ^ 7!)^75%J^J.± U 4- o Ttrf^co ^ n y ^ ff-^CLXcO 
S:^)T;«)^^i9t:'?ft^ fiffi^fS-^PHASE (d)(7)5:^>T:6^^ 

<7)f£tg^M^PHASE (d)Ojit,i:;6^^t^ fiil < T i25%{iffl 

i)^nn{smk){Z^ fiffl^jS^PHASE (d) iiffiU2:^.±;i>^^ 
oTi3 19 'J>:^-rHIGHt;^oTV^^o COj:-7U, 9Uy9 

mmki)H&mmz{t^ y^{t'ii^'rmGwxi)-i)-:bfz^. e 

fflt^ffift-^PHDT <HIGHf^JU-rn-5)C 

^oEiis (h) {tT^-^m^-xn^uy^m^com^^ 

:^'^^^^i)-i>mtb-t^ Zti)^X^^o 

[0 0 3 5] { c ) » 2 nmm 
mi 9(±m3<r>^m<Dm2mmmx$>^itL^ttmmm(D 
ruy 9mx^^^ mi 3<Dmimmmtm-u^i>zit 
m-Vf^iULx^-^o mimmmtm^^^.^jt. mi 

^^yvxh^o m2^mmz^i1^^^(r>^(D$j}mtm 
i^m.mt^-xh^o mi 9{zio\,^x. ik^^io 

D-FF(D-FFI). I 2\±'r-9m^[ykJkt9Uy 
^ M-^CLKCO fifflM {I )c> i: 5: ffi ^ EXGRlilK 
3 1 fi|^f^«1-^pltg140S)^fitgtEHrt (0-;r/2, 3 
n/2-27z)\Z^ r-9m^[^k^kt9Uy 9m^^0X(n\tL 

ffltttBm-^PHDT^'m^^ji-^^ 'y-f-(sie&. 3Zityy^9 
^ I > ^^'tiki^ir^y y ^9 ^ < > 9^J^$^X^:ho "yy 
^ > ^'[iISS3 3 (i. D-¥F2(0^tiV^)i^^\'tL 

[0 0 3 6] El 2 0(i^2^ife<?lJO^ -y^^-Y ^ 
mmxh ^ o ^ n y ^ M-^CLKCOlSri^iScTii^^ir' ~ 5^ dataco 
SiKSiJ; fr^SSv^tt-g-Uii (Ell 6) ) , ^uy^m^a. 

^o^\tLmit^'-9m^\)kiknLxm^m'^^o z<D^y 

^ < 3(D\btim^'{Q)i±. HIGH, LOW^ 

ic^y^^n^o z<ny yf-^ ^>ir{t. EI20 

(a) {l^i-J:^tc. fi+i^ft-^PHASE (d)O'ri-T- 
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L/::0#Sijr^*)^o ffi+a^M-^PHASE (d) Ojl^.±;{>^^ l9 

7"-5'©-^DATA03:*>±5ii^^^)f^O;r (■ra.--r ^=50 

%) i I +a a -r ^ 0# Ps^flii L B#51J 1 1 i3 V ^ T . f^ffi^ft-^PH 
ASE (dXitt^^-fLOWiC^^oTV^^o fi^oT. ^ny^ff-^ 

\zx.v) mmiirm^k^'t^b c t t^^-r:^ 

1 0 0 3 7 ] it u ^ n 7 ^ m^^cLK<7:fmmu^'r- 

y ^0 5^ ^ [12 0 (b) tCTj^fi: 

niZ^ etB^fs-^PHASE (d)<7)-r^--r Y;^^^75%W.±U^ 
oTf^> T-'- ^M-^DATAOjL^±;6^^{9f^O;r ('T^i.-'r 
Y=5(»«)U+g^i-^l^ffleigLfcBt^jT-*^o efflux 
-^PHASE (d) ^AL ^> ±70^^ ^} -r - 9 M-^DATA<7)2: ^) ±^^^ 

^9 f^CO TT ( T-'^ - 7^ =50%) iZffi ^ 1- ^ B# FalSii t B# 
glJtCioV^r, eia^m-tPHASE (dXi'^^-THIGHU^toT 

i±£^'rH\GH'C:^-:^^^fz^. fifflt^tiift^PHDT (h)(7)^^^ 

linidm^-m^^timiz-rit^fzib. t'ibh(Dm^&m^ 
[0 0 3 81 id) ms mmM 

m2 1 ii^l3O|§§qui3tt^»3*Sfe0lJ(7)f£1ijt^|lI8& 

corn 7 ^ill'e^>t9. HI 3 0»l*SfeMi:l^-'SK5t{i 
i±m-W^iHLX\^-^o ^3**fe1^iJtii'oV>T. 
ife0[|i:«^^.a;(i|^|W|tgfi+@^aigS3 1 c7)ttjS(:'e*)i9. 

/ 2 Uffla-r^^ra^T'- ^M^DATAS:a5£i-^» 2 <7) 
51ii[118&. 4 3 l±mm^ n 7 ^ffi-^Offitt^Sftii-^S 
l^mi^S. 4 4 It^u y ^m^CLK (b) tK^M^^^h& 

tj-t^ mmmf: ^ x:i y ^ m^n) tco-r > vmmn 

±t9 lci3tt'2)-^> K^- h 4 4oas:tfM-t(g)^7)P^;w 

«:«}#-r^Di!!-7U y 7^7 0 ^7^ (D-FF2) T-^) 

[0 0 3 9] D-FF2C0T'-'i$^aT-UA:fj-t-;|>-^> K 
^~ h 4 4 cotB:^;<H-t(g)lill2 2co^^Zs'^'V-hJ: 
^ ^ J: ^ ^ n >y ^ «-^CLKOfi+g ^ ;r t 

in^izmm-r^o D~FF2(D^u y ^m^f-i^zxti 
-r^m2m^m^4 2<;>aiti«-^iiT'-^«-^DATA^T 

/2mMLfzi>(r)'r:^^^^ f^oT. D - F F2(7D'r'- 



(9) #Pg2 0 0 0~ 1 8 3 7 3 1 
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t^mzmmmmm\^mmmo- rr 37^/2-2 

7r)U#fti-n{i\ D-F F2(in- 

^m■ti^i•^. D-FF2omt!l-^;^;&^^D-W'^;i/-t:^) 

^ J: ^1 {nmmmmm^mmz^^Lx^^^hi)- 

[0 0 4 0] 7 -y^^ ^ ^ >^'[1]SS3 3(i. D-FF2 

y^m^3 2{Zv ^ ^> fiXti't^o 7 

10 y^[agS3 2(i. 0-r'-^ffi-^^^n y ^ff^ofifflm 
;6^1i+a$lJ«*EHl^ (;r/2--3;r/2)Uff4't-^Jt^-U(i. 
fiffl^M-^PHASE (d)*fiffit^mM-^PHDTi:LTai* 

*6af^ (0-7r/2, 3 7r/2->2 7r)llffftL. T^^O. filS^ 

n y ^ it^(7^\iL^^i)mm%mmmmm\^\z^i±.L. 

m M-^PHDT ^ ^ 2 <7) IS^tt ( n - 1^ ^ ) { ; @ ^ -f ^ o 
X> > 7 7^0^3 2(1. n 7 ^jf^CLK<7)jz:T;6^^i9 
mz^iih D - F F2c7)ai:^J ^ W^;^-C*;ti 

\I^y^^m^.L. EX0RI1I8S1 2f)^h^ti't^\lL^^m 
-^PHASE (d)^ai^Ji-^o 
[0 0 4 1 ] »3^JS«of5:fflitl3c[niK<7)#®:(i. 
iI5£li]K4 l^J:0^^^2Mii|llSS4 2 ^Rtlt:^(i^ < 
*«]ttB#Fa(fi?l|A(i'lOGb/sOil]^0f DELAY( ;r )=50ps, 
DELAY( n /2)=25ps) -T^Jli"^ C h J: . ^^Q^b/sm\^ 
30 (nm^ {Wx.(f5Gb/s)ti^t LT^>. iifflt:^^ ^ C: "C*) 

i: ^y ^^(;02:±*)-g:Bfrft(;)fiffi(CT-§^o m2^\t 
9 JglrSS5:5Gb/sJ#^(7) ^ ^ :^ > >:^'-^ ^ - h -c* ^ o 

[0 0 4 2] (e) S4^Sfe0lJ 
[12 4ii^30ffeW{Ii3(t;^S4*i&CT<7)&ffiJ:b^liI8& 
(n-fuy ^mx^n. 13 2 1 <7)^3*JS^Ji:|wi— SB^J-tc 
fil^-7?-^4-#Lrv^;^o ^4^ifeMi^io^v^r. ^3* 
mmtmt:^:^^.ity y^9 >{ \ >y^^z 3<7)1i)?Sc:'eab 

40 mX{t ^Uy ^ m^CUi(r)^Ti3^ y)^^^y^9^ <>y 
Tab ^ i)K * 4 ^JfeM-etiT-'- ^ ft^DATAcT) ji± ^ B#5iJ 

l>VT$>:ho m2 4iZ^\.^X. llit^KDB-F 
F(D-FFI). 1 2 tiT-'- ^m-^DATAi: ^fi-^C 
LXcoeiiMl^l^i^C/LMf-^Srmtl-r'SEXORIlISS. 3 1 (if^ 

mm'r^n^^(D^^iiismm\H (0-^/2, 3^/2-^2 

7r)U, -r'-^M-^DATA^^^n y ^^i-^CLXcoeffl^Ti^T? 

■^PHDT^ai:fj-t'i)^ y f-mss. 3 3(^7 y^^^ ^ 

50 "tik^-r^y y^9 ^ ^ >i^^mBX\ D-FF2<Oiht} 



-9- 



17 

l-^;uS:13[1i;r/2tifflai-;5)0#K3liSi-^ilMlllK3 3 

c *WLT^^^o 

[0 0 4 3] (D) •r'^-'r 1' (ilflllg&^lt^L/diffl 
mi 5iif-*^-7^>f «{iIilfiS^f£fflJt«cEIKcOB(I^tlIg 

2 ti» 1 --II 3 <r)|fe0^Ui3(t^ffil:<oi2:tBJt«eIiIK"e* 

•ra.-T'>r'r:Jx{iI12 6 (a)-(b)U:^i-J: ^ tc^nx 
(i. (12 7 tCTj^i-J: -9 H^nx.-K^ > h * 4^^L>t:: 
m-t::.ti}^'n^'^^ho 112 8 (ilEISib^ J: tfSKai:':?: 

[0 0 4 4] ^CT% 02 5 ilTpi-J: ^ ¥:^ffit^:dB 
lilS&AVDl, AVD2'ex^^Xliipi§^S AMPOIE 

tiX^^ho i-4^t)^. M»T>-7'DAMPt:^IE|j;ffitfi^ 

AMPOX7 xmEt LTlSS-f^^-if. f"^-7" 

100%ilifi:-::5^it^c:^7t^^^t:^^^o o ^ 4 O^&H.^ U J: 
'r':i--7-^ j««Ii]SS5 1 «rfflv^-i>C<!:lcJ: ^fiffliticEl 

t^\z. T-'-rL-T-^ ft«[lI?SO«^5t(100%:6-tbOfiM 
5t)Ocy^f4:ffi]t^IlI^&5 2t:^J^*l£^1-;^C^i^ fSI^ 

10 0 4 5] 

n\-^\^fzi)^h. -r^-x^ ^OnoO^^^^emTv^r & 
tBifcgf#14<7) 1 Wmn\^^^^^X^ i::^f6l<7)ffl§ 1 ofi 

^4^-i>effl^ 1 /affll^Uio^v^T 1 OUTI^. PLLIilK 
[0 0 4 6] :$:^H^UJ:mi\ ^ n «y ^ -t<7)f5:ffl 



(10) #13 2 000-183731 

4^ ^7l^gr>53^ ^ /-i *b U b § T 1 iSffl 1^ jo I ^ r 

[0 0 4 7] X. *i§^tcj::ftif. mraffii-^^Hfeft^ 

(T-'-^M-^-i: ^ -y ^ m^(r>mi$ML<^^i)^'^ 
\^-m . ©ffi^m«-^*»2c0^^^t (n-l.-c;u) \z 

hi \ ^fzii[:ix^^o z<Dfzi6. mmkihm^<^W'^ 

20 mm -ffi tt^^ fits 1 igffirt i=5 V > T 1 o U § . 

P l.LU^\tW'mt.<^±^hi:-^^^X^m'^hh^-n 

\^imMLx^uy ^mmiin'&wmk[zmMf^x'^\ 

O 

30 [0 0 4 8] X, 7feiiffi->Xf-/.(;i3V^T, *7 r 

liiij »io%wofa:iajt«iii&(7)m3a0-e*>^o 
[a 3] IS i(7)i6^<7)effl]tRiis&wroy ^-n (d<i 

005{)f *)*o 

50 11151 » 1 <7)|fe^<7)f£fflJtf^Ilg§(7)-7'n y i'El (d>1 
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009{)T'*-&o 

[116] »2cOf§0^(7)f2:ffiJtt!<[lK^O)ISIl-e$)*o 

10 7] m2<n^m<r>\tL->^]m.mm(r>wMm<r)\tL->(Siym 
[0 8] m2ff>^m(r>^^im.m^<r>fu -J ^mx-h 

[[19] eiSnr^[i]SS<7)SiJwlt;S:0ij-c-*^o 

[EllO] »2COf§^<7)f3:1SJ:t«15]gS«OglJ<7)i»^«aj(^ 

in 1 1 ] » 2 ^mM<r>mifmMmx^:ho 

[Ell 2] »3<7)lfe^<7)fiffi)a?S*ScJt«c^14t:*-l)o 
mis] »3<7)%?^<7>f5:fflJl:«^EISS<^rny i^^T-* 

^ o 

-h ffiffiM;r/2-3 7r/2) 'e*)^o 

lime] ^3<5oi§0>^(7)fi+aj:t^[i]K(7)^^ ^ 

im 1 7 ] ^ 3 <D^m(r>^^itnmm(r> 9^^>v^^ 

[[318] ^ ^ ^ >^'co|S.H^0'eS)^c 

[Ell 9] ^3cO|fe0flOf4ffijt®[iIK<7)^2«ffi0ijOli 

[112 1] ^3<7)|§0^(7)SffiJt«C[ll?S»3*JfeW<7)«^ 

[112 2] ^3|life1llJ<7)^>f i.^-v- h-e^^o 

[112 3] 2 ;r =100ps(10Gb/s)h Lf^BfUSGb/s-r-^ 



(11) ft#l32 000-183731 

[[12 4] » 3 <7)|§0^<7)j5:ffijtte[ilg&<7)» 4 

[112 5] ^4of§0^oii)S:[i'e^-5>o 
[112 6] iSiiM-^co-TJx-'r ^-rn-e^^o 

[112 7] ^ Xtii|JltCJ:^-r:i---f ^1i1l'e*>^o 
[112 8] S$5m:^^«x./::X^^XliipilS-e*)^o 
[112 9] 9t^«§?(7)rn y ^llT^Sj^o 

[113 0] wmm^-n^^^x.h^ ^ 
«fiS:li-e*)^o 
io [113 1] i&mSBll-eab^o 

[113 2] PLL^fflv^fctM^^co^^ ^ >^'tftai[5IfiS<7) 

[113 3] m*coet@j:bK!iiss<7)rn 7 ^ii-e*);^o 
[n 3 4 ] fie*(7)(5z:ffiJt«c[a8Sco ^ ^ ^ > ^/-^ -v - h -e 

i) o 

[S3 5] m.^<r>w^)mM^<r>m&im^n.-r^^^o 

[03 7] tS*(7)fi+BJt«elHlSScofefflil:«»tt (^-'i- 
[03 8] a&*cof35:=fgitRiiis&<7)e:fflJt«?!|f14 (t'^- 

X ^' 7in25%C0lt^) -e*)^, 
[Itr-f-OU^Hfl] 

1 1 • • T'-i'SSUST) (D-FF) 

1 2 • • EX0RI1IE& 

1 3 • • l^lBltg&'ffittailfP 

1 4 • • ^tim'mM' 
DATA • • f'-i'm^ 
CLK ■ • n y 
30 PHASE ■ - e+i^it-f- 

PHDT- • fiffit^ffili-^ 



[06] 



DATA (a) 



(b) 




CLK 










I 

21 



CLK' 



D-FF 

T 
11 



EXOR 



(d) 

PHASE 



DTRN 



(c) 



12 



(12) 



#M 2000-183731 



[Hi] 




I 



□ 
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(13) 



2000-183731 



[112] 



m 1 ^m<D^^tt^mm(7>mmmi^^n ^^^it^w^ 



(a) 




duty 100% 
duty75% 



(b) 



1.0- 




0.5i 



uty100% 
duty 7 5% 



[07] 




duty75%gEil*t 
duty 100% 

dlJty75%ml^j 
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(14) 



2000-183731 



[1131 [112 2] 




(15) 



12000-183731 



[[14] 



ti:4iO~27r(d/lOO)K 
• 2556 



(a) 

(c) j 



1 
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